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Objectives. This study aimed to explore the hemodynamic
responses to ingestion of meals of different composition in pa-
tients with chronic stable angina and to assess the effect of these
meals on time to onset of >1-mm ST segment depression and
limiting angina pectoris during exercise.
Background. To our knowledge, no study has assessed the effect
of meal composition and timing of exercise in patients with
coronary artery disease.
Methods. Fifteen patients with chronic stable angina visited our
laboratory in the fasted state on three occasions. Measurements of
cardiac output, heart rate and blood pressure were taken while
patients were standing. A modified Bruce exercise test was then
carried out, during which time to onset of >1-mm ST segment
depression and limiting chest pain were recorded. Patients then
ate a 2.5-MJ high fat or high carbohydrate meal; on the third
occasion, no meal was taken. At 30 min and 1 h after eating the
meals, rest hemodynamic measurements and exercise tests were
repeated.
Results. The high fat meal did not affect exercise variables,
whereas the high carbohydrate meal resulted in a reduction in
time to onset of ST segment depression of 74.4 6 22.2 s (mean 6
SEM) during exercise at 30 min (p < 0.01), and at both 30 and
60 min after the high carbohydrate meal, limiting chest pain
occurred 50 to 90 s earlier than when patients fasted (p < 0.01).
Conclusions. One hour after a high carbohydrate meal, the
onset of angina during exercise occurs earlier than in the fasted
state. Despite similar hemodynamic adjustments, a high fat meal
does not affect exercise time.
(J Am Coll Cardiol 1997;29:302–7)
q1997 by the American College of Cardiology
In healthy people, eating a meal is not only a pleasurable
experience, but it also stimulates significant cardiovascular
adjustments. However, in patients with coronary artery dis-
ease, these cardiovascular adjustments may have detrimental
effects. That angina is worse after food was recognized as early
as 1768 by William Heberden (1) and subsequently confirmed
(2–4). However, whereas more recent studies have assessed
the effect of meals of different composition on exercise toler-
ance and onset of ischemia (5,6), they did not assess the time
course of any detrimental effects and furthermore used liquid
meals rather than the warm solid foods that patients would
usually consume. The effects of ingested liquids are of limited
clinical relevance and must be interpreted with caution.
The cardiovascular effects of food in healthy subjects are
now well established (7–9). After eating a meal there is a
decrease in splanchnic vascular resistance, which leads to an
overall decrease in systemic vascular resistance. In defense of
blood pressure and to meet the metabolic demands of diges-
tion, there is a compensatory increase in cardiac output and
heart rate and, depending on meal composition, changes in
vascular resistance in the skeletal muscle vascular bed. The aim
of the present study was to evaluate the effects of isoenergetic
high fat and high carbohydrate meals on hemodynamic vari-
ables at rest and on the time to onset of symptom-limited
maximal exercise tolerance and .1-mm ST segment depres-
sion in patients with angiographic evidence of coronary artery
disease and normal left ventricular function. In addition, we
assessed the time course of the changes in rest and exercising
variables after these two meals.
Methods
Patients. Fifteen patients were recruited (mean [6SEM]
age 61.8 6 1.3 years, range 53 to 72; 11 men, 4 women) (Table
1). All patients had chronic stable angina, and no patient
complained of postprandial deterioration of anginal symptoms.
Patients had angiographically documented coronary artery
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disease (defined as.75% stenosis in major epicardial arteries)
with normal left ventricular function on contrast left ventricu-
lography and reproducible ST segment depression on treadmill
exercise testing. Exclusion criteria were previous myocardial
infarction, unstable angina, coronary artery bypass graft sur-
gery, symptomatic heart failure, diabetes mellitus and rest
electrocardiographic results that could interfere with interpre-
tation of ST segment changes during exercise. All patients
were limited by chest pain on exercise testing performed
before diagnostic angiography. The study was approved by the
local ethical committee, and all patients gave their written
informed consent to take part.
Patients were familiarized with the study protocol and
techniques at a visit before commencing the study. Patients
then attended the laboratory after an overnight fast on three
occasions at the same time of day. Antianginal medication was
omitted for 24 h before each visit, except for sublingual
glyceryltrinitrate, which was allowed up to 4 h before each visit.
On all three visits, patients rested in a supine position for
30 min after arrival at the laboratory. Patients then stood up,
and once blood pressure and heart rate had reached steady
state, basal measurements of cardiac output, heart rate and
blood pressure were taken, with the mean of four readings
being taken for each variable. Patients then exercised to the
onset of limiting chest pain using a modified Bruce protocol.
On all occasions, chest pain rather than other symptoms,
stopped the test. After the baseline exercise test, patients sat
down and, after a 10-min rest, ate a 2.5-MJ high carbohydrate
meal on one occasion, an isoenergetic high fat meal (10) on
another and, on a third occasion, no meal. All patients
completed the meals, which were cooked in the same way by
the same chef, within 15 min. The sequence of the meals was
varied between patients. Thirty minutes after meal ingestion,
patients returned to the standing position, and after baseline
heart rate and blood pressure had reached steady state, rest
postprandial measurements of cardiac output, heart rate and
blood pressure were carried out. Patients then repeated the
same exercise protocol. The operators measuring cardiac
output and time to 1mm ST segment depression were unaware
of meal composition or whether no meal had been eaten. After
this 30-min postprandial exercise test, patients sat down for
30 min, after which the process was repeated.
Cardiac output. Cardiac output was measured using the
indirect Fick principle by measuring respiratory gases with a
mass spectrometer (V G Medical) with carbon dioxide as the
indicator. Subjects were attached to the breathing equipment
by a mouthpiece and nose clip. Carbon dioxide production
(V˙CO2) was calculated from measurement of ventilation with a
flowmeter and mixed expired CO2, and end-tidal CO2 tension
was used to estimate systemic arterial CO2 concentration
(PaCO2). Mixed venous (pulmonary artery) CO2 tension
(Pv¯CO2) was calculated using a CO2 rebreathing technique
(11). Cardiac output was calculated from the V˙CO2 and the
estimated PaCO2 and Pv¯CO2. This technique correlates well
(r 5 0.96, 95% confidence interval of the difference 20.37 to
10.47 liters/min) with measurements made by thermodilution
at rest and during exercise (12–14). The coefficient of variation
of repeated measurements in fasted subjects using this tech-
nique in our laboratory is 13%.
Treadmill exercise tests. All patients exercised with a
modified low level Bruce protocol (3) until chest pain pre-
vented further exercise. Heart rate and blood pressure mea-
sured manually were recorded at the end of each stage (mean
arterial blood pressure was calculated as {Systolic blood
pressure 1 2 [Diastolic blood pressure]/3}). Systemic vascular
resistance was estimated as mean arterial blood pressure
divided by cardiac output and expressed in arbitrary units (U).
Rate-pressure product was calculated as mean arterial blood
pressure times heart rate and was also expressed in arbitrary
units (U). Standard 12-lead ECG were recorded at rest and
every 3 min during the test and at the end of exercise (Max 1,
Marquette Electronics Inc.).
Meal composition. Meals were as previously described (10)
and consisted of chicken, vegetables, potatoes, bananas and
custard. The high carbohydrate meal contained 75% of energy
as carbohydrates and 7% as fat; the high fat meal had 17% of
energy as carbohydrates and 71% as fat, with 330-mg sodium
and 1,650-mg potassium.
Statistical analysis. Comparisons between high carbohy-
drate, high fat and no meal visits were made using repeated
measures analysis of variance (ANOVA) with the analysis
corrected for any order of visit effect. Where ANOVA indi-
cated a difference, pairwise comparison between treatments
Abbreviations and Acronyms
ANOVA 5 analysis of variance
PaCO2 5 arterial CO2 concentration
Pv¯CO2 5 mixed venous CO2 concentration
V˙CO2 5 CO2 production
Table 1. Clinical Characteristics of 15 Study Patients
Pt No./Gender Age (yr) Angiographic Findings
1/M 72 Proximal LAD stenosis
2/M 62 3VD
3/M 53 3VD
4/F 55 Proximal LAD and RCA stenoses
5/M 64 Proximal LAD stenosis
6/F 56 Proximal LAD and RCA stenoses
7/F 69 Proximal LAD and LCx stenoses
8/M 57 3VD
9/M 64 3VD
10/M 62 3VD
11/M 70 3VD
12/M 56 3VD
13/M 61 Proximal LAD and RCA stenoses
14/F 61 Proximal LAD and RCA stenoses
15/M 60 Proximal LAD and RCA stenoses
F 5 female; LAD 5 left anterior descending coronary artery; LCx 5 left
circumflex coronary artery; M 5 male; RCA 5 right coronary artery; 3VD 5
triple-vessel coronary artery disease.
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was carried out using paired Student t tests. Similarly, changes
from baseline were assessed using paired Student t tests.
Where post hoc t tests were used, a Bonferroni correction was
applied. All analyses were carried out using S-Plus version 3.2
(StatSci Seattle, a division of Maftsoft Inc. 1993). Results are
expressed as mean value 6 SEM; p , 0.05 was taken as
statistically significant.
Results
Baseline measurements for all patients are shown in Table
2. All patients completed the study protocol, with exercise tests
performed before and after high carbohydrate and high fat
meals and, on one occasion, no meal. Exercise tests were
terminated only because of chest pain. Rest hemodynamic and
exercise variables did not alter during the no-meal visit.
Rest hemodynamic data (Fig. 1). Cardiac output. Thirty
minutes postprandially, cardiac output had risen by 0.676 0.11
liters/min after high carbohydrate intake (p, 0.05) and 0.446
0.12 liters/min after high fat intake (p , 0.05). Sixty minutes
after both meals, cardiac output remained ;0.5 liters/min
above baseline (p , 0.05). There was no difference in cardiac
output response between the two meals.
Heart rate. Thirty minutes postprandially, heart rate had
risen by 10.1 6 1.9 beats/min above baseline after high
carbohydrate intake (p, 0.05) and by 9.36 3.5 beats/min after
high fat intake (p , 0.05). Sixty minutes after the meals heart
rate had fallen slightly but was only significantly above baseline
after the high carbohydrate meal (p , 0.05). There was no
difference in response between the two meals.
Mean arterial blood pressure. Thirty minutes postprandially,
mean arterial blood pressure fell by 5.96 2.6 mmHg after high
carbohydrate intake (p , 0.05) and by 5.1 6 1.9 mm Hg after
high fat (p , 0.05). Sixty minutes after eating, mean arterial
blood pressure was no longer below baseline. There was no
difference in response between meals.
Systemic vascular resistance. Thirty minutes after the meals,
systemic vascular resistance had fallen by 8.96 2.8 U after high
carbohydrate intake (p , 0.05) and by 3.1 6 0.8 U after high
fat intake (p , 0.05). Sixty minutes after eating both meals,
systemic vascular resistance was not significantly below base-
line values. There was a significantly different response be-
tween meals at 30 min (ANOVA, p 5 0.01) but no difference
at 60 min.
Rate-pressure product. During the fasting visit and after the
high fat meal, rate-pressure product did not alter. After the
high carbohydrate meal, rate-pressure product increased by
654 6 296 U at 30 min (p , 0.05) but was not elevated at
60 min postprandially. There was no difference in response
between meals.
Exercise data (Fig. 2). Time to onset of .1-mm ST segment
depression. There was a significant difference in the response
between the three visits (ANOVA, p , 0.01) at 30 min
postprandially. Time to the onset of .1-mm ST segment
depression did not change during the no-meal visit or after the
high fat meal. After the high carbohydrate meal, time to ST
segment depression was reduced at 30 min by 74.4 6 22.2 s
(p , 0.05) but was not significantly reduced at 60 min
postprandially. The change in time to onset of 1-mm ST
segment depression after the high carbohydrate meal at 30 min
was significantly reduced compared with the high fat meal at
that point (p , 0.05).
Maximal exercise tolerance. There was a significant differ-
ence in the response between the three visits (ANOVA, p ,
0.01). Time to onset of limiting chest pain did not change
during the no-meal visit or after the high fat meal. After the
high carbohydrate meal, time to onset of limiting chest pain
was reduced by 90.6 6 22.8 s (p , 0.05) at 30 min postpran-
dially and by 54.6 6 21.6 s at 60 min (p , 0.05). The change in
time to onset of chest pain at 30 min after the high carbohy-
drate meal was significantly different from that after the high
fat meal at the same time point (p , 0.05).
Change in cardiac output at maximal exercise tolerance. In
the fasted state, the increase in cardiac output on maximal
exercise was similar at each visit, with an increase of ;6
liters/min. Thirty and 60 min after the two meals and during
the no-meal visit, the change in cardiac output on maximal
exercise tolerance was also similar at ;6 liters/min.
Change in heart rate at maximal exercise tolerance. In the
fasted state, heart rate on maximal exercise increased by ;35
beats/min at each visit. Thirty minutes after the two meals,
heart rate at maximal exercise tolerance increased by ;29
beats/min, whereas during the no-meal visit, the increase was
37.6 6 4.5 beats/min. The increase in heart rate on exercise
after both meals was significantly attenuated than that during
fasting (ANOVA, p 5 0.01). Pairwise comparison showed no
difference between meals but significant differences between
meals and the no-meal visit (p , 0.05).
Table 2. Baseline Rest Hemodynamic Variables During Fasting and Time to .1-mm ST Segment Depression and Maximal Exercise
Tolerance Before Both Meals and No Meal*
Visit
Cardiac Output
(liters/min)
Heart Rate
(beats/min)
MABP
(mm Hg)
SVR
(arb U)
RPP
(arb U)
Time to .1-mm
ST Segment
Depression (s)
Exercise
Tolerance
(s)
No meal 3.46 0.2 67.6 6 2.2 107.3 6 2.9 36.5 6 3.3 7,272 6 350 462 6 96 555 6 102
High carbohydrate meal 3.56 0.2 65.1 6 2.2 114.7 6 6.0 31.5 6 2.0 7,158 6 282 489 6 108 585 6 116
High fat meal 3.66 0.2 66.7 6 2.1 110.7 6 3.1 35.1 6 3.7 7,370 6 299 474 6 105 592 6 110
*Baseline values did not differ between visits. Data presented are mean value 6 SEM. arb U 5 arbitrary units; MABP 5 mean arterial blood pressure; RPP 5
rate-pressure product; SVR 5 systemic vascular resistance.
304 KEARNEY ET AL. JACC Vol. 29, No. 2
POSTPRANDIAL ANGINA MEAL COMPOSITION February 1997:302–7
Change in mean arterial blood pressure at maximal exercise
tolerance. During fasting, mean arterial blood pressure on
maximal exercise increased by between 5 and 10 mm Hg at
each visit. Thirty and 60 min after the two meals, mean arterial
blood pressure on maximal exercise increased by similar
amounts, and there was no difference in response between
visits after the meals or when no meal was taken.
Change in systemic vascular resistance at maximal exercise
tolerance. During fasting, systemic vascular resistance on max-
imal exercise fell by ;20 U. At 30 min after the meals, there
was a significantly different response (ANOVA, p 5 0.004),
with the high carbohydrate meal resulting in a smaller decre-
ment in systemic vascular resistance (212.5 6 1.6 U), which
was significantly different to that in the no-meal visit (218.5 6
2.1 U, p , 0.05). One hour after the two meals, the change in
systemic vascular resistance on maximal exercise was not
different.
Change in rate-pressure product at maximal exercise tolerance.
Rate-pressure product at maximal exercise fell by ;5 3 103 U
when no meal was taken and after both meals. There was no
difference in response when no meal was taken or after either
meal.
Discussion
Patient group studied. The group of patients studied had
normal left ventricular function and did not complain of
postprandial worsening of their angina. It was important that
the present study evaluated the effects of meal ingestion in
patients with coronary artery disease with normal left ventric-
ular systolic function because it is known that meal ingestion
Figure 1. Rest hemodynamic data before and after high carbohydrate
(circles) and high fat (triangles) meals and during the fasting visit
(squares). All hemodynamic responses after both meals differed
significantly from those after the fasting visit. *Significant change (D)
from baseline after high carbohydrate intake. †Significant change from
baseline after high fat intake. §Significantly different response between
visits by ANOVA. #Significantly different responses between high fat
and high carbohydrate meals by pairwise comparison. bpm 5 beats/
minute.
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has a detrimental effect on exercise tolerance in patients with
left ventricular systolic dysfunction (15).
Study findings. The results of this study provide a number
of novel and important findings. We showed that both high
carbohydrate and high fat meals lead to a significant decline in
blood pressure in the early postprandial period and, as de-
scribed by William Heberden, angina pectoris during exercise
is indeed precipitated more easily after eating a meal. How-
ever, unlike in the eighteenth century, ischemic heart disease
and angina pectoris are now very common and may affect up to
10% of middle-aged men (16). The findings of this study thus
have far-reaching implications. We showed that a solid, high
carbohydrate meal results in an earlier onset of myocardial
ischemia and leads to a reduction in exercise tolerance in
patients not complaining of postprandial worsening of symp-
toms. The effects of the high carbohydrate meal on maximal
exercise tolerance are present for at least 1 h after eating. We
also showed that despite stimulating substantial cardiovascular
adjustments, a high fat meal of the same energy content does
not compromise performance.
Potential mechanisms underlying decrease in blood pres-
sure after both meals. The decrease in blood pressure after
the meals in our patients is most likely due at least in part to an
inadequate cardiac output response. After eating, healthy
middle-aged subjects have a fall in splanchnic vascular resis-
tance that leads to an overall fall in systemic vascular resistance
(17). Blood pressure is maintained by a compensatory increase
in heart rate and cardiac output. It has been demonstrated (8)
using radionuclide imaging techniques that the postprandial
increase in cardiac output is predominantly due to an increase
in stroke volume. Thus, patients with ischemic heart disease
have a decline in blood pressure after eating because of an
inadequate cardiac output response to this fall in systemic
vascular resistance. This inadequate cardiac output response is
most likely due to impaired left ventricular filling as a result of
diastolic dysfunction (18). Indeed, our group of study patients
demonstrated a smaller increase in cardiac output than would
be expected in age-matched healthy subjects measured using
the same technique as that used in the current study (17).
Potential mechanisms underlying different effects of high
carbohydrate and high fat meals. The differential effects of
isoenergetic high carbohydrate and high fat meals on exercise
tolerance in patients with chronic stable angina are both
intriguing and difficult to explain. Because of the noninvasive
nature of the current experiment, we can only speculate as to
the mechanisms underlying the different exercise responses
between meals. The onset of myocardial ischemia is deter-
mined by an imbalance between myocardial oxygen demand
and supply. The high carbohydrate meal led to a small increase
in myocardial oxygen demand, estimated indirectly using the
rate-pressure product, but it is unlikely that this alone would
account for the marked differences in time to onset of ischemia
and maximal exercise between meals. In addition, the measur-
able determinants of myocardial oxygen demand, that is,
change in heart rate and cardiac output, were no different
between meals (this study did not estimate myocardial wall
tension). What is more likely is that the meals had different
effects on myocardial oxygen supply by affecting coronary
vascular tone. The levels of insulin accompanying the high
carbohydrate meal consumed in the present study (17) are able
to increase skeletal muscle blood flow by a direct vascular
action of insulin on skeletal muscle vasculature (for review, see
Baron [19]). A significant part of this vasodilator effect is due
to insulin-mediated nitric oxide release (20). In the normal
state, coronary vascular tone is also reduced by nitric oxide
(21), but atherosclerotic coronary arteries when exposed to the
nitric oxide-dependant vasodilator acetylcholine show a para-
doxic vasoconstriction (22). Thus, it is possible that a similar
phenomenon occurs after the high carbohydrate meal and its
attendant high physiologic concentration of insulin, that is, that
atherosclerotic coronary arteries vasoconstrict rather than
vasodilate. The effects of insulin on coronary artery blood flow
and myocardial metabolism in patients with coronary artery
disease warrant further attention with invasive techniques. It is
well established that eating a meal significantly increases
splanchnic blood flow, which at rest accounts for 20% to 25%
Figure 2. Change in time to .1-mm ST segment depression and in
time to maximal exercise tolerance after high carbohydrate and high
fat meals and during the fasting visit. Symbols as in Figure 1.
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of the cardiac output (23). Unlike healthy young subjects,
healthy older subjects have a larger increase in splanchnic
blood flow after high carbohydrate than after high fat meals
(24). In healthy subjects, splanchnic blood flow is well pre-
served during low intensity exercise in both the fasted state and
after eating (25). It is thus possible that part of the reduction
in exercise tolerance seen after a high carbohydrate meal is due
to a larger proportion of the already limited cardiac reserve
traveling to the splanchnic vascular bed than after a high fat
meal. Thus, the greater fall in systemic vascular resistance after
the high carbohydrate meal is most likely due to the enhanced
splanchnic hyperemia seen after this meal than after the high
fat meal.
Study limitations. The noninvasive nature of the present
study determines that the potential mechanisms underlying
these interesting findings remain speculative. Future studies
should address the effect of meals of different composition on
coronary blood flow and metabolism. Further assessment of
the effects of meal composition on exercise capacity at longer
intervals after meal ingestion should be carried out because the
different absorption times of a high fat meal and its subsequent
hemodynamic effects may lead to a delayed effect on the
exercise variables measured.
Conclusions. The present study had some novel and im-
portant findings. Patients with coronary artery disease and
chronic stable angina have a decrease in blood pressure after
eating a high fat or a high carbohydrate meal. After a high
carbohydrate meal, these patients have a significantly earlier
onset of electrocardiographically documented ischemia and
exercise-limiting chest pain due to the more rapid utilization of
their already small cardiac reserve. This study assessed patients
who did not complain of postprandial worsening of their
angina, so it is likely that this phenomenon is common but
often unnoticed in patients with coronary artery disease.
Although the mechanisms are still to be resolved, the results of
this study should enable us to clarify the timing of activities
after eating in patients with angina.
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